Objective: To contribute to a better understanding of volume-outcome relationships in surgery by exploring Dutch surgeons' views on the underlying mechanism. Design: A qualitative study based on face-to-face semi structured interviews and an inductive content analysis approach. Setting: Interviews were conducted in eight hospitals in the Netherlands (2 university, 4 teaching and 2 general). Participants: Twenty surgeons (gastrointestinal, vascular and trauma). Main outcome measure(s): Dutch surgeons' views on volume-outcome relationships in surgery and the underlying mechanism. Results: The majority of surgeons believed volume is related to outcomes after surgery. Interviewees highlighted the importance of both focus and skills when describing the underlying mechanism. Focus was visible on three levels: hospital, surgeon and team. Focus on a hospital level referred to investing in specific infrastructure and dedicated personnel. Surgeons described both the benefits and downsides of surgeons' increased focus to a certain surgical subspeciality. And their experiences on the importance of working with fixed, procedure-specific teams. The positive influence of caseload on technical and nontechnical skills was acknowledged, as well as the benefits of combining skills by operating together. Although a basic skill set should be maintained, this does not necessarily require high volume. Conclusions: Focus and skills are important explanatory factors in volume-outcome relationships according to Dutch surgeons. This suggests that both high-and low-volume providers should enable specialized, fixed teams for complex surgeries and focus on maintenance of both their technical and nontechnical skills. By uncovering the underlying mechanism, imperfect quality indicators such as volume can be supplemented or replaced.
Introduction
Volume-outcome relationships have been established for various surgical procedures in peer reviewed literature since the 1970s [1] [2] [3] [4] [5] [6] . Based on this evidence, increasing volume has become a well-known policy measure, e.g. by enforcing minimal volume standards [7, 8] . Although the 'more is better' principle is intuitively attractive, volume alone does not result in better performance. There is consensus about the notion that volume is an indirect indicator or proxy measure for other influential characteristics of healthcare providers [2, 4, 9, 10] . However, after decades of research, only a limited number of studies focus on the circumstances under which volume and outcome show a positive association [11] [12] [13] [14] . Despite these efforts, empirical evidence for the underlying mechanism is still limited and the volume-outcome association remains a 'black box'. Researchers mostly aim to determine the presence of the volume-outcome association and do not include process and structural characteristics as explanatory factors in their analysis [15] . It is important to understand the underlying mechanism, as it enables to improve quality of surgical care with measures that are targeted at causal factors.
As long as we do not fully understand what volume represents, the results of volume-based policies are unpredictable. Therefore we aim to further opening the 'black box'. We choose to contribute to the predominantly quantitative research field by interviewing surgeons. Qualitative research is especially helpful to understand the perspectives and experiences of individuals or groups and their contexts [16] . We explored Dutch surgeons' views on the underlying mechanism to address the following research question: what factors are important in volume-outcome relationships according to Dutch surgeons?
Methods

Design and data collection
To ensure diversity, we recruited participants from different hospital types and three subspecialties that have been subjected to volume standards in the Netherlands. For each subspeciality, the surnames of surgeons in each hospital were ranked in alphabetical order and the first three names were selected. They were approached through key contacts, e.g. management or other surgeons, and provided with limited background information. The interviews were planned at the participant's hospital, and took place between December 2015 and June 2016. One researcher (R.M.) conducted the face-to-face interviews, after completing a course in qualitative research and interview training. The interviews lasted between 20 min and 59 min (mean: 40 min). A topic guide was used, based on a review of literature, a pilot interview study (n = 6) and findings of previous studies. This paper focuses on topics related to surgeons' views on the underlying mechanism of volume-outcome relationships (Table 1) . After 15 interviews, the researchers noticed data saturation setting in and stopped recruitment. Ultimately, 20 participants were included in this study (Table 2) .
Data analysis
All interviews were digitally recorded and transcribed verbatim by a third party. Every transcript was checked for accuracy with the original recording and anonymised. The research team discussed preliminary interview findings and field notes during the data collection phase, which enabled evaluating and improving interview questions and technique.
The analysis was undertaken by two researchers, using Atlas ti software to code the interviews and retrieve quotations. Coding was based on a pre-defined framework, consisting of 5 themes and 38 codes that emerged from a review of the literature and a pilot study (Table 3) . In this paper, only themes related to Dutch surgeons' views on volume-outcome relationships are included. All interviews were independently coded and discussed to reach agreement. Although researchers were vigilant for new themes arising from the data, none were added to the framework. However, the existing themes and codes were made more robust by discussing the data. Through inductive content analysis, we aimed to develop an understanding of the volume-outcome mechanism and providing new insights [17] . After grouping, categorization and abstraction of data, agreement was reached on two main categories to report our results: focus (hospital, surgeon and team) and skills.
Results
Most interviewees (n = 17) were presented with the following statement to explore their point of view on the subject matter: is volume related to outcome after surgery? The majority of surgeons agreed with this statement (n = 14), others were inconclusive (n = 3). The surgeons often referred to the notion'practice makes perfect' in their answers. Their views on the underlying mechanism are presented in two main categories: focus and skills.
Focus
Surgeons pointed out that a high volume setting may enable more focus, which is beneficial to patient outcomes. Analysis of the data (12) revealed three levels on which focus can occur: hospital level (organization), surgeon level (individual) and team level.
Focus on hospital level
Hospitals can focus on certain surgical procedures or patient categories by investing in infrastructure, such as a certain level of Intensive Care Unit or specific diagnostic and surgical equipment. Surgeons in this study often referred to 'the system' surrounding them, which in their view is relevant for outcomes after surgery. One surgeon explained that being a centre of excellence is about 'embellished volume' as it requires certain high-tech infrastructure and equipment.
I believe increasing volume and making sure you build expertise will also lead to a lot of logistical improvements. You also attract people who are interested in the specific field you want to focus on. This will lead to better results. (gastrointestinal surgeon_R4)
Hospitals can also invest in dedicated personnel, who are specifically assigned to certain patient categories or surgical procedures.
For every diagnosis there are dedicated nurses, two surgeons, a radiotherapist and an oncologist who always do the same thing. There is also an anaesthesiologist who has dedicated himself to this type of surgery. For postoperative care, all procedures are clear and standardised.(.) Here it is the same, but I noticed it was more streamlined because of their high volume, their higher exposure. (gastrointestinal surgeon_R2) However management does not always provide dedicated teams. Especially in the OR, specialized or fixed teams can reduce flexibility and availability of all-round OR-nurses in all shifts. Therefore specialized surgeons in this study said they often work with nondedicated OR-teams.
Focus on surgeon level
As in many other countries, Dutch surgeons are increasingly specialized in specific diagnoses and surgical procedures. Interviewees described that this undivided attention and focus can have beneficial effects.
And I believe the individual patient benefits from it. If I have to divide my attention by doing vascular groin surgeries this week, thyroid surgery next week, the week after that colorectal surgery and still do trauma, it won't work at all. (trauma surgeon_R8)
When you have to work in a specific field of expertise, it often means you will read more about it. At a convention, you will attend specific lectures and listen selectively. You will focus. Your knowledge will be more up to date, state of the art. Interviewees also pointed out downsides to further specialization. Surgeons with all-round, general surgical experience will disappear. Increased subspecialisation may also lead to tunnel vision, because every doctor focuses on his own domain.
Eventually, we will have many so-called 'organ specialists' and run the risk that the patient as a whole will disappear from view. I don't agree with that system. (gastrointestinal surgeon_R4)
Interviewees also mentioned limited flexibility in covering for each other because of the specific expertise which is required.
Before, you could easily cover for someone. When a vascular surgeon is called to the OR for acute surgery, his outpatient program has to be taken over by another vascular surgeon. It has become so specific, a general surgeon wouldn't know what to do. This means you need someone on stand-by in case of an emergency. (trauma surgeon_R19)
Increased focus on subspecialties has changed the profession of surgeons. Especially for surgeons of an older generation this is an adjustment, because they were used to being all-round.
I don't like it as much as I used to. When I first started out as a surgeon, I used to do everything, even vascular surgery, everything, everything, everything. And now I can't, it's not allowed anymore. I understand why, but it's just less fun. This isn't the profession I chose. If I would have known it would turn out like this, I wouldn't have become a surgeon. (gastrointestinal surgeon_R18)
Focus on team level
Interviewees highlighted the benefits of working with teams who are focused on a specific patient category or surgical procedure. They are part of 'the system' surrounding the surgeons and influential in As mentioned before, there are also examples where teams are not as focused. Surgeons describe how this affects their own performance. The process runs less smooth, more guidance is needed and mistakes are made.
Despite the protocol, despite the good preparation, questions are asked about the positioning of the patient or whether or not antibiotics should be administered. The wrong instrument is opened, a 300 euro disposable which now has to be thrown away. There's no routine. These things would never happen with an experienced OR-team. (trauma surgeon_R14)
Skills
Interviewees described their experiences with both technical and nontechnical skills.
Technical skills
Interviewees mostly referred to technical skills in terms of a basic skill set each surgeon has attained during training. They also stressed the importance of maintaining these skills, but did not believe high volume is necessarily required. Interviewees highlighted the benefits of operating together with a colleague. Especially in complex procedures, surgeons' combined skills lead to the best choices.
In complex surgeries, I think it's very beneficial to operate together. We can discuss the patient on the spot. My colleague will say: 'Shall we do it like this?' And I would say: 'Well, I don't know, let's try this.' And together we arrive at the best decision. (vascular surgeon_R3)
Discussion
Improving patient safety in surgical care is an important issue in all healthcare systems, because complications after surgery remain an important cause of death [18, 19] . Many authors have explored the circumstances of surgery and made recommendations to reduce risks and improve outcomes [20] [21] [22] . The importance of procedural volume was first suggested in 1979 by Luft et al. [1] . Since then, studies that have corroborated their findings greatly outnumber studies that have not been able to confirm a volume-outcome relationship. However, the robustness of volume-outcome evidence has been subject to debate. Assessments of the methodological quality of volume-outcome studies have revealed several limitations ranging from statistical approach to choice of outcomes and policy relevance [10, 14, 15, [23] [24] [25] [26] . Despite these issues, the majority of surgeons in our study agreed that volume is related to outcome after surgery. Their view is not surprising, because an empiric belief in the volume-outcome association is implicit in surgical tradition [10] . A certain caseload is required to achieve board certification and specialization is encouraged. Surgeons in this study were able to think 'beyond volume' and explore the circumstances under which volume leads to better outcome. When describing the underlying mechanism, two main categories arose: focus and skills. Previous research suggests that the factors we comprised in these categories, such as specific infrastructure, team work, surgeon specialization, technical and nontechnical skills, are indeed beneficial to outcomes after surgery [27] [28] [29] [30] [31] [32] [33] [34] . And how does volume improve these aspects? As interviewees pointed out, a higher caseload enables more focus on hospital, surgeon and team level and is beneficial to skills. For instance, investments in dedicated infrastructure are more cost-effective with higher volume. In a low-volume setting it is more challenging to achieve a strong business case for specialised equipment. In addition, for surgeons and teams to dedicate themselves to specific patient categories and surgeries, a certain caseload is required to keep them sufficiently busy and maintain their skills. In lowvolume hospitals, this is most likely a luxury they cannot afford.
The importance of skills reminds us of the 'practice makes perfect' hypothesis introduced by Luft et al. [11] . Increased experience results in better skills, which in turn results in better outcome, especially in patient categories which are not likely to be referred. Halm et al. also recognized the importance of volume for enhancement of both physicians' physical skills (e.g. speed and dexterity) and cognitive skills (e.g. recognition of uncommon occurrences and taking appropriate and timely action) [14] . Is there a limit to this volumeskill-outcome effect on a surgeon level? In this study, surgeons believed high volume is not necessarily required for maintenance of technical skills. Mamidanna et al. explored whether a point is reached when a surgeons' volume is high enough and added procedures would be of no further advantage to the patient [35] . The authors found this proficiency relationship between annual surgeon volume and 30-day postoperative mortality in cancer surgery, but were not able to detect a plateau in their data.
Understanding the relationship between volume and outcomes is of vital importance for both academic research and for health policy. Although abundant, available research is mostly aimed at determining the presence of volume-outcome associations and not the actual drivers [15] . This study provides some in-depth insight derived from interviews with professionals with hands-on experience. Based on our findings, we would recommend that both highand low-volume providers adopt strategies which enable specialised, fixed teams for complex surgeries and focus on maintenance of both their technical and nontechnical skills. Further research is needed to gather more empirical evidence about the circumstances under which volume and outcome show a positive association.
Limitations
We aimed for compliance to standards for qualitative research [16, 36] . Despite these efforts, this study has some limitations. Although we achieved diversity in our sample, the results may not be generalizable to all surgeons' views. However, it is important to stress that the strength of qualitative studies lies not in the generalizability, but rather in the ability to describe and explain certain phenomena [37] . We chose to focus on surgeons' views on volume-outcome relationships, which enabled us to elaborate on the underlying mechanisms. Nonetheless, by focusing solely on surgeons, we may have only partially opened up the black box. Interviews with other surgical personnel and management could provide even more insights. Furthermore, the interviews were conducted in Dutch and to improve readability we have made some adjustments in literal translations. We have not obtained feedback from participants on the research findings (member checking). Despite these limitations, we are confident the quotes and interpretations give an accurate account of our findings and their context.
Conclusion
This study investigated surgeons' views on key elements in volumeoutcome relationships in surgery. The reality of the relationship was acknowledged by the majority of surgeons in this study. Their views on the underlying mechanism could be categorized by two main themes: focus and skills. This suggests volume acts as a proxy measure for better technical and nontechnical skills as well as hospitals, surgeons and teams that are focused on specific procedures or patient categories. By uncovering the key elements for improving outcomes in both high-and low-volume settings, these factors can ultimately supplement or replace imperfect quality indicators such as volume.
